Green banana flour shows good potential as a functional ingredient for special-purpose foods, but there are no data in the literature concerning the use of a green banana pulp and peel flour for the development of products such as pasta. The aim of the present study was to develop tagliatelle pasta substituting the wheat flour with different concentrations of a green banana mixed pulp and peel flour. The pasta formulations were prepared replacing the wheat flour by the green banana mixed pulp and peel flour in two concentrations: 15% and 30%. A control formulation with wheat flour was also prepared. The green banana mixed pulp and peel flour presented higher ash, total fibre and total phenolic compound contents than traditional wheat flour. The pasta formulation with the addition of 15% green banana flour showed the highest ash content and the best sensory acceptability of all the formulations. It was concluded that it was possible to develop a tagliatelle pasta with satisfactory acceptance replacing the wheat flour by a green banana mixed pulp and peel flour.
Introduction
Banana is the main fruit in international trade and one of the most consumed fruits in the world. Today, banana is the fourth most widespread fruit crop in the world being produced mainly in tropical and subtropical regions. Furthermore, banana production is an important source of income and employment for the major banana export countries such as Brazil (FAO, 2011a; COELHO JUNIOR, 2013) . In 2013 Brazil produced about seven million tons of bananas (IBGE, 2013) and the average consumption of the fruit is about 31 kg/inhabitant/year (FAO, 2011a) . The great availability of green bananas in producing regions throughout the year makes their transformation into flour of great interest, besides being an important alternative to avoid possible waste of the production (TRIBESS et al., 2009) . Only in recent years has the green banana aroused interest on the consumer market, and consequently many studies are being developed to assess its technological properties as a functional ingredient, especially in the form of flour, including that produced from the peel and pulp (BEZERRA et al., 2013; SARAWONG et al., 2014; ZHANG et al., 2005) .
The green banana is rich in dietary fibre, essential minerals such as potassium and magnesium, and vitamins (ALKARKHI et al., 2010; CHOO; AZIZ, 2010) . In addition, the green banana is rich in antioxidants including flavonoids and vitamins A and C, and also in resistant starch, which can present positive health effects regarding the glycemic index, cholesterol lowering and fermentation capability in the human colon. Therefore the regular consumption of green banana could provide beneficial health effects due to its high content of these nutrient and non-nutrient compounds (FAO, 2011b; LEHMANN et al., 2002) .
Recently, some studies have investigated the incorporation of green banana pulp flour (GBP) in different products such as noodles (CHOO; AZIZ, 2010; SAIFULLAH et al., 2009) , nuggets (KUMAR et al., 2013) , cookies, cake powder mixes and breads (FASOLIN et al., 2007; AGAMA-ACEVEDO et al., 2012; JUAREZ-GARCIA et al., 2006; BORGES et al., 2010) and pasta (ZANDONADI et al., 2012; KRISHNAN; PRABHASANKAR, 2010) . However, the green banana peel, which possibly presents higher antioxidant activity than the pulp, has been underutilized (ALKARKHI et al., 2010) . In addition, no studies were found in the literature using green banana peel flour (GBPE) mixed with GBP in order to develop more nutritional products such as pasta.
Pasta is normally high in starch but low in dietary fibre, minerals, vitamins and antioxidants. However, its consumption has increased in the last decades due to its versatility and shelf life (KRISHNAN; PRABHASANKAR, 2010) . Brazil is the third largest consumer market for pasta, and in 2015 pasta consumption in Brazil was 6.17 kg/per capita/year (ABIMA, 2015) . Therefore, the incorporation of GBP and GBPE could be important for the development of pasta with high nutritional and functional value. The aim of the present study was to develop nutritional pasta with satisfactory sensory acceptance by substituting wheat flour with a mixture of pulp and peel green banana flours (GBF) at two concentrations.
Material and methods

Material
The pasta ingredients and green bananas (Musa balbisiana) were purchased at a local supermarket in Rio de Janeiro, Brazil. The chemicals and reagents used were of analytical grade (Vetec, Rio de Janeiro, Brazil).
Preparation of green banana pulp flour (GBP) and green banana peel flour (GBPE): a total of six pounds of green banana (stage 1 of ripening: all green) was washed and immersed in a hypochlorite solution (200 ppm) for 15 minutes. The hypochlorite was removed with running water and the fruits were then manually separated into pulp and peel. The pulps and peels were cut into transverse slices of about 0.5 cm and into thin strips of about 1 cm, respectively. The pulp slices and peel strips were dried in a ventilated dryer (FANEM dryer, model 330, Brazil) at 60 °C for 20 hours, and then ground in a laboratory mill (Multiuse Mill, model TE 631/2, Brazil) to produce the flours, which were stored in airtight sterile plastic packs at 4 °C until analysed. The flour yields were calculated by dividing the amount of each flour produced by the amount of fresh green banana used, and the results expressed as percentage.
Pasta preparation
The pastas were prepared according to the formulations presented in Table 1 . Three pasta formulations were developed, replacing the wheat flour with increasing levels of GBF. The proportion of green banana pulp to green banana peel in the flour mixture was 4:1 (w/w). The pasta formulations contained 0% GBF (control), 15% GPF and 30% GBF. For the pasta preparation all the ingredients The use of green banana (Musa balbisiana) pulp and peel flour as an ingredient for tagliatelle pasta Castelo-Branco, V. N. et al. were manually mixed and homogenized and then sheeted using a pasta machine (Multipast Marcato Wellness, Brazil). All the formulations were dried in a ventilated dryer at 60 °C for 2 hours before storing in sterile plastic packs at 4 °C until analysed.
Colour measurement
The surface colour of the green banana peel was measured in different regions of a representative sample using a digital colorimeter (Konica Minolta, CR-400) in order to obtain data to characterize the stage of ripening. The parameters L*, a* and b* were evaluated. L* represents the luminosity on a scale varying from zero to 100 (minimum brightness = zero; maximum brightness = 100); a* indicates the intensity of the green and red colours (negative values = green; positive values = red); and b* indicates the intensity of the yellow and blue colours (negative values = blue; positive values = yellow). All these parameters specify the colour range and intensity of the green banana used to prepare the flour.
Chemical composition
The moisture, ash, crude fat, crude fibre and protein contents of the flours and tagliatelle pasta formulations were determined according to the AOAC (1995) methods. The sample moisture contents were determined by oven drying (FANEM dryer, model 315SE, Brazil) at 105 °C to constant weight (method 925.10), while ash was determined by incineration of the samples in a muffle at 550 °C to constant weight (method 923.03). Crude fat was determined using the Soxhlet method followed by evaporation to constant weight (method 920.39) and protein was analysed by the Kjeldahl method using a conversion factor of 6.25 (method 960.2). Crude fibre was determined using the non-enzymatic gravimetric method (method 044/IV) according to The Adolfo Lutz Institute (IAL, 2008) , and carbohydrate was determined by difference. All the analyses were carried out in duplicate and the results expressed as g/100 g of sample. The results obtained for the chemical compositions of the GBP and GBPE were compared with the values reported for wheat flour in the Brazilian Table of Food Composition (UNICAMP, 2011).
Total phenolic compounds
The total phenolic compounds were determined in the methanol/water (50% v/v) extracts using the Folin-Ciocalteau assay according to Aziz et al. (2011) , as follows: 0.1 mL of methanolic extract (0.05 mg/mL) was mixed with 0.5 mL of Folin-Ciocalteau reagent, followed by the addition of 6 mL of distilled water and 2 mL of sodium carbonate (15% w/v). The solutions were mixed and allowed to stand for 1 hour at room temperature. The absorbance was measured at 765 nm, using a UV-VIS spectrophotometer (Micronal, model B442, Brazil) . A calibration curve was prepared using a standard solution of gallic acid, and the results expressed as milligrams of gallic acid equivalents (mg GAE) / 100 g of samples.
Microbiological analysis
The microbiological analyses of the formulations included the determination of the most probable number (MPN) of coliform organisms at 35 °C and of thermo-tolerant coliforms, the detection of Salmonella spp., and the enumeration of Bacillus cereus and coagulase-positive staphylococci according to APHA (2001) . The results were compared with the Brazilian Legislation (BRASIL, 2001).
Sensory evaluation
Forty non-trained judges from the Rio de Janeiro State University were recruited to carry out the sensory analysis of the cooked pasta using a 9-point hedonic scale, where 9 = extremely desirable and 1 = extremely undesirable. The number of judges required for acceptance tests is sixty, hence the results presented are indicative, but important enough to be reported and discussed. All the pastas were cut into uniform pieces, cooked in boiled water and seasoned with garlic and olive oil to be served to the judges. Water at room temperature was provided to cleanse the palate between samples. The sensory attributes evaluated were appearance, texture and flavour. The results were expressed as the mean score and the acceptance index (AI) was calculated as follows: AI (%) = A*100/B, where A was the mean score obtained for each formulation and B was the maximum score obtained. The pasta formulations with an AI higher than 70% were considered to be well accepted (QUEIROZ; TREPTOW, 2006).
Ethics
The Project complied with all ethical principles, was consistent with the assumptions of the Resolution of the National Health Council 196/96 and approved by the Ethics Committee of the Pedro Ernesto University Hospital -HUPE (CAAE -04170612.8.0000.5259).
Statistical analysis
All the results were presented as the mean ± standard deviation of duplicates. The analysis of variance (ANOVA) followed by Tukey's post-hoc test was used to compare the chemical composition of the pasta formulations, and the Student's t test was used to compare the chemical compositions of the pulp and peel flours. P values < 0.05 were considered statistically significant. All the data were analysed using the GraphPad Prism v. 4.00 for Windows, GraphPad Software (California, USA). The use of green banana (Musa balbisiana) pulp and peel flour as an ingredient for tagliatelle pasta Castelo-Branco, V. N. et al. 3 Results and discussion
Colour characterization of the green bananas
The intensity and range of the peel surface colour were measured in order to better describe the stage of ripening of the green bananas used in the present study. No colour change of the peels as a result of ripening was observed. The prevalence of greenish tones is to be expected as compared to reddish and yellowish tones, corresponding to a decrease in the values for a* and b* (Table 2) . Accordingly, the colorimetric coordinates observed here were compatible with the all green stage of ripening as the green bananas used in the present study were classified.
Chemical characterization of the GBP and GBPE
The GBP and GBPE produced in this study were creamy pale-yellow and brownish in colour, respectively. The flour yield was 17.8% for GBP and 3.8% for GBPE. The green banana pulp yields obtained in a drying oven in experiments carried out by Nimsung et al. (2007) , Bertolini et al. (2010) and Santos et al. (2010) , ranged from 29.8% to 56%. The green banana flour yield can be influenced by factors such as different cultivars and techniques and the dehydration conditions (SILVA et al., 2015) . These factors may explain the yields obtained in the present experiments, since the chemical composition of the variety studied in this work, as well as the dehydration conditions were different from the above mentioned experiments.
The chemical compositions of the GBP and GBPE are presented in Table 3 . The moisture, ash, protein, fat, carbohydrate and fibre contents of the GBP and GBPE were significantly different. GBP presented the highest moisture, ash and carbohydrate contents while the GBPE presented the highest protein, fat and fibre contents. Moreover, the GBP and GBPE presented higher ash and fibre contents than the wheat flour. On the other hand, the GBP and GBPE presented lower protein contents than the wheat flour. In this respect, the addition of both the green banana flours as an ingredient in food products might reduce the nutritional value with respect to the protein content. However, they might add nutritional value to the product with respect to minerals and fibre, considering the higher values of these components when compared with the wheat flour (Table 3 ).
In addition, green banana flour is rich in resistant starch, widely recognized in the literature as having important physiological implications with respect to human health, such as beneficial bacterial growth in the colon, post-prandial glycemic control and cholesterol lowering. (Table 3 ). This variation might be attributed mainly to differences in the agricultural practices, stage of maturation and banana cultivar investigated (EMAGA et al., 2007) .
GBPE presented a crude fibre content that was twice as high as that of the GBP. Also, both, GBP and GBPE presented higher fibre contents than the wheat flour The use of green banana (Musa balbisiana) pulp and peel flour as an ingredient for tagliatelle pasta Castelo-Branco, V. N. et al. ( Table 3 ). Banana peel is reported to be rich in dietary fibre, mainly hemicelluloses, which might constitute 20% of the peel (ALKARKHI et al., 2010) . In this respect, it is possible that the addition of GBP and GBPE to new pasta formulations could provide higher fibre content for this product. Thus green banana flour obtained from the pulp and especially from the peel could be used as a good alternative to increase the fibre content of the human diet.
Total phenolic compounds
The amounts of total phenolic compounds found in the GBP and GBPE flours can be seen in Table 3 . The GBPE presented more total phenolic compounds than the GBP. However, the total phenolic compounds of the wheat flour could not be determined, probably because the amount present was below the quantification threshold of the method used. Menezes et al. (2011) investigated the total phenolic compound content of the GBP from the banana variety Cavendish, known as nanicão in Brazil, and observed a content of 50.65 ± 0.08 mg GAE/100 g dry matter.
The GBP produced in the present study was elaborated from the variety Balbisiana (prata) and presented lower total phenolic compound contents than those observed by Menezes et al. (2011) . This difference might be attributed to the varieties of banana used in both studies and also to the phenolic extraction method used by the authors, where the sample was subjected to extraction by an ultrasound-assisted method. The phenolic contents of fruits, even when extracted from the same species, depend on a number of intrinsic and extrinsic factors, such as cultivars, agricultural practices and the phenolic extraction methods used (BALASUNDRAM et al., 2006) . Nevertheless, the GBP and GBPE produced in the present study are potential alternatives to increase the amount of phenolic compounds in the diet when replacing wheat flour, which is widely used and showed no detectable amounts of phenolic compounds.
It is very important to emphasize that, even if pesticides are used correctly and in compliance with current legislation, the food can present residues. This fact should be taken into account when using whole food, as these residues may be deposited mainly on the outer layers of the foods. Thus strict care should be taken with proper washing prior to use. In addition, the use of bananas obtained from producers where good agricultural practices are guaranteed, should always be considered (CANTARUTTI et al., 2008) . Table 4 shows the mean values obtained for the chemical compositions of the control, and the 15% and 30% GBF tagliatelle pasta formulations. The ash contents of the pasta formulations increased in proportion to the addition of GBF, such that the formulation with 30% GBF presented twice the ash content of the control formulation. This was due to the higher ash contents of the GBP and GBPE, corresponding to the higher mineral content of the green banana, especially the potassium and magnesium contents (ALKARKHI et al., 2011; UNICAMP, 2011) . As in the present study, Choo and Aziz (2010) and Krishnan and Prabhasankar (2010) also observed increased ash contents when adding different green banana pulp flour concentrations to noodles and pasta, respectively.
Chemical composition of the pasta samples
There were no significant differences between the formulations with respect to the protein, moisture and carbohydrate contents. Krishnan and Prabhasankar (2010) observed a significant decrease in protein content with the increase in substitution level by GBF in pasta. Although a reduction in protein content was expected when substituting wheat flour with GBF in the tagliatelle pasta formulations, this was not observed, possibly due to the addition of an egg to these formulations.
Microbiological analysis
Prior to the sensory evaluations, all the pasta formulations were submitted to a microbiological analysis, and showed values below those recommended by the Brazilian Legislation (BRASIL, 2001) as shown in Table 5 .
Sensory evaluation
It is important to highlight that the results obtained in the sensory analysis are indicative, since the number of judges (forty) was less than the required number (sixty), but in spite of this, the findings were important and should be described and discussed. The mean scores and AI values The use of green banana (Musa balbisiana) pulp and peel flour as an ingredient for tagliatelle pasta Castelo-Branco, V. N. et al. for the sensory attributes of appearance, texture and flavour for all the pasta formulations are presented in Table 6 .
Regarding the mean scores, a statistical difference amongst the three formulations studied can be observed for the attribute of appearance, the highest mean score being awarded to the control (7.7 ± 1.03) and the lowest to the 15% GBF (4.5 ± 1.90). For texture, a significant difference was observed between the GBF groups, 30% GBF being awarded the highest mean (7.4 ± 1.14). Regarding flavour, the 30% GBF formulation presented the highest mean (7.4 ± 1.69), being significantly different from the control which had a mean of 6.4 ± 1.61. Regarding the attributes evaluated, it can be said that in replacing the wheat flour with GBF, it was possible to maintain some similar technological properties of the traditional pasta. The lower mean score (4.5) awarded to the appearance of the 15% GBF pastas may have been associated with the colour of the pastas. Although the 30% GBF formulation was even darker, which could have been a negative aspect it received a higher mean score. This fact could be explained by consumer expectation. Since the 30% GBF pasta was the product with the highest nutritional value, including the highest fibre content, it is possible that the consumers expected a darker colour for pasta with increased fibre content, establishing a positive association between darker colour and higher fibre contents.
In general there were significant differences between the 15% and 30% GBF pastas for all the attributes evaluated, and hence the concentration of GBF added to the pasta formulations probably influenced the acceptance of the GBF-substituted tagliatelle pastas. Moreover, the 30% GBF pasta formulation presented the highest mean score for the three attributes investigated.
Considering AI (Table 6) , both the 15% and 30% GBF tagliatelle formulations achieved scores above 80% for flavour, demonstrating good acceptability for this attribute. Besides, the 30% GBF tagliatelle showed the highest AI for appearance of the two GBF-substituted tagliatelle pasta formulations investigated. Therefore, taking into account the mean scores and the AI for the texture and flavour attributes, the 30% GBF tagliatelle was more accepted. Although the AI values were below 70% for appearance, the 30% GBF had a higher AI than the 15% GBF for this attribute, demonstrating that the 30% GBF was the better substitution level for the GBF pasta formulation. Krishnan and Prabhasankar (2010) replaced wheat flour with GBP in pasta formulations at concentrations varying from 20% to 30%. These authors only observed moderately acceptable cooking and sensory qualities for the 20% substituting pasta formulation. Moreover, Choo and Aziz (2010) only observed good overall acceptability for the 30% GBP-substituted noodle formulation. The present study was the first one to develop tagliatelle pasta formulations replacing wheat flour with up to 30% of GBF, and obtaining good acceptability. The present authors also tried to develop a formulation with 100% GBF but the data were not published in the present study since this pasta formulation did not achieve satisfactory technological properties. In addition, to the authors' knowledge, this was the first time green banana peel flour was used to increase the nutritional value of tagliatelle pasta formulations. The use of green banana (Musa balbisiana) pulp and peel flour as an ingredient for tagliatelle pasta Castelo-Branco, V. N. et al. 
Conclusions
The present study developed different pasta formulations substituting wheat flour by GBF at two concentrations: 15% and 30%. The findings suggested that the replacement of wheat flour by 50% of GBF (30% of GBF in the complete formulation) provided pasta with good sensory acceptance and could represent an alternative functional ingredient for pasta.
